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Description 

[0001 ] The present invention relates to powder met- 
allurgical manufacturing methods of accurate-to-shape 
tooth restorations with an individually manufactured 
core in a densely sintered, high strength ceramic mate- 
rial, which fits against prepared tooth surfaces or artifi- 
cial abutments. On these cores dental porcelain can be 
fined to tooth crowns, inlays, veneers or bridges. 
[0002] Swedish patent application 89.00620*9 dis- 
closes a method of manufacturing ceramic bodies with 
In'egular shapes where the sintering shrinkage is con- 
sidered. 

[0003] US 5,080,589 discloses a method of manu- 
facturing copings in densely sintered high strength 
ceramic material where the sintering shrinkage Is con- 
sidered. According to this patent the copings are pre- 
manufactured, which means that they have in advance 
given dimensions. 

[0C04| According to US 5,106,303 and Swedish 
patent application 9002959-6 inlays, onlay crowns and 
veneers can be manufactured In densely sintered high 
strength ceramic material by copy milling a green body 
or a presintered or sintered body from an Impression of 
the prepared tooth surfece considering the sintering 
shrinkage. 

[0005] The object of the present invention is to pro- 
vide rational manufacturing technique for manufacturing 
tooth crowns, inlays, veneers or bridges in densely sin- 
tered, high strength ceramto material by using modern 
powder metallurgical technique, reading technique and 
machining technique. 

[0006] The present Invention relates to a method of 
manufacturing artificial tooth restorations for natural 
teeth or Implants containing an individual core In 
densely sintered, high strength ceramte material with 
dental porcelain fired to Its outer surface. The inner sur- 
face of the core, whtoh will fit to one or more prepared 
surfaces or artificial abutments is manufactured by 
forming a ceramic powder mixture against a surface of 
a body which surface is manufactured by registering 
with a three dimensional optical or mechanteal reading 
method the prepared surfaces of the prepared teeth or 
artificial abutments and their mutual relationship, either 
directly in the mouth or on a model in e.g. plaster after 
which the registered surfaces are reproduced In an 
enlarged size into a canler e.g. by using a computer 
controlled milling machine, the enlargement being cal- 
culated considering the shrinkage of the ceramk; mate- 
rial during the sintering to full density with the addition of 
a desired gap for cement The canler Is made from a 
model material e.g. plaster, graphite or a polymer. 
[0007] In some cases the outer surface of the core 
can be sunx)unded by prepared tooth surfiaces e.g. 
Inlays. The core Is manufactured in this case by first 
compacting a ceramic powder against a carrier, which 
partly has an outer shape, which Is smaller than the 
outer surface of the core, which will fit against the pre- 
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pared tooth surfaces. Then the outer shape of the core 
is made by milling the green body in the milling 
machine. In order to make it possible to machine the 
outer surface, the prepared surfaces are registered arid 

5 their mutual relationship detemilned with a three dimen- 
sional optical or mechanical scanning technique, either 
directly In the mouth or on a model in some model mate- 
rial e.g. plaster or on an Impression with some impres- 
sion material e.g. addition-silicon or a wax impression, 

TO from the prepared surfaces. The registered surfaces are 
reproduced in an enlarged size onto a carrier, e.g. with 
a computer controlled milling machine, which machines 
the powder compacted against the can-ler. The enlarge- 
ment Is calculated from the sintering shrinkage of the 

15 ceramic material upon sintering to full density. In this 
case a reduction is made for desired gap for cement 

Rg. 1 shows cross sections of natural tooth one 
with an artifidal tooth crown (Rg. la), one with an 

20 inlay (Rg. lb), and one with a veneer (Rg. 1c). In 
this figure A? dental porcelain, B= core, Y= outer 
surface of the core, 1= inner surface of the core 
which will fit against the prepared surface, C= 
cement, P= prepared surface of the tooth, S= prep- 

25 aratlon border, E= enamel, 0= dentine and P=: pulp. 
Rg. 2 shows a cross section of a bridge, which is 
cemented on two supporting teeth. These support- 
ing teeth can havie a vital abutment (U^) or an artifi- 
dal abutment (U2) manufac^red in a dental alloy, 

30 ceramic material or a strengthened polymer. The 
bridge In this figure contains two artificial dental 
crowns according to Rg. la and with a pontic (V) 
between as replacement for a lost tooth. The bridge 
contains a core (B) with dental porcelain (A). A 

35 bridge can contain more supporting teeth and also 
more pontics in between. The supporting teeth can 
also be prepared for Inlays or veneers. Veneers can 
be made both on buccal and lingual surfaces. The 
supporting teeth can also be implants with artificial 

40 abutments. 

Rgs. 3a and b show a cross section of a cylindrical 
blank manufactured in e.g. plaster, graphite or a 
polymer. K-i has the diameters and and a 
groove for repositlbning In a chucking fixture in a 

45 milling machine and a bevel . 

Rg 3c shows Kqc, a model of a tooth prepared for a 
crown. P is the prepared tooth surface and S the 
preparation border. 

Rg 3d shows K2, is a cross section of a reproduc- 
50 tion with enlarged size of Kqc produced In a compu- 
ter controlled milling machine from a blank K^. The 
enlargement is calculated considering the sintering 
shrinkage of the ceramte material. L2 is a reproduc- 
tion of the prepared tooth surface (P) and is defined 
55 as the surface above the preparation border S2. 

Rg 3e shows K3' which is K2 with a shell of 1-1,5 
mm outside the enlarged surface (L2). L3 Is the 
outer surface of this shell. L3 is finished with the 
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border S3. 

Rg, 4 shows a cross section of an example of a 
press for individuai cores for tooth restorations. F is 
a cylindrical tube. G Is a cylindrical plate with the 
diameters * 3 and ^4. H is a cylinder with diameter 5 
<K>3. H, F, and 6 can be made in e.g. hardened steel 
E Is made In a viscous elastic material as well as J 
and X. X Is an impression from K3 except the part 
with the diameter O^. X has a cylindrical outer 
shape with diameter In Rg. 4 K2 has been 10 
placed In X, Is a cavity with space for ceramic 
powder and Pk is the force with which H is pressed 
against G. 

Rg. 6a shows K^i, which is a cross section of an 
impression of an inlay. The surface P| is an impres- is . 
sion of the prepared surface of the Inlay (P) (Rg. 
1 b) and S Is the preparation border. Figs. 5b and 5c 
show a cross section of K4 (Rg 5b) and K5(Rg 5 c), 
which are used for manufiacturing of cores for 
inlays. K4 Is a model of Kqi enlarged considering the 20 
sintering shrinkage. K4 can be made by milling In a 
computer controlled milling machine from a blank 
Kt In plaster, graphite or a polymer. In this figure the 
surface L 4 (broken line) has been drawn. L 4 is the . 
enlarged surface of the Inlay, which exactly fits 25 
against the prepared surface (P) of the tooth pre- 
pared for an Inlay. S4 marks the preparation border. 
L4 Is the milled surface of K4. The distance between 
U4 and L*4 Is equal to the thickness of the core in 
un^intered condition. K5 consists of K4 with a shell 30 
of 1 ,5 - 3 mm outside the continuous surface L4. L5 
is the outer surface of this shell. 
Rg. 6 shows which Is a cross section of a 
model of two supporting teeth c^ and C2 prepared 
for crowns and Intermediate gingiva. 35 
Rg. 7 shows Kg, which Is an enlarged model of 1^ 
The entarged.supporting tooth of are and G2. 
The model can be cut at the lines 1^ . and Ig. 
Rg. 8 shows the enlarged model from Rg. 7 with a 
shell with outer contour Le, which surrounds the 40 
preparations 0^ and G2 and intermediate gingiva 

[0C08J As can be seen from Rg. 1 and Rg. 2 artifi- 
cial tooth crowns, Inlays, veneers or bridges are made 
as a core In densely sintered ceramic (B) with dental 45 
porcelain (A) fired to the outer surfece (Y) or the core. 
The tooth restorations are fixed to the prepared sur- 
face8(P) by e.g. adhesive (cement), as well as the 
bridge to the abutments and U2. The thin layer of 
cement (0) connects the prepared tooth surface (P) so 
with the Inner surface of the core (I), which fits with 
desired precision to the prepared surface (P). On the 
outer surface (Y) of the core (B) dental porcelain can be 
fired. The layer of cement can have a thickness <100 
Hm, preferably 25-50 ^im. The cement thickness can at ss 
some spots be > 100 ^m depending on small InBguIarl- 
tles In the preparation. The cementing of the restora- 
tions can be made with e.g. phosphate cement, glass 



ionomer cement or some resin cement in accordance 
with known techniques. In the latter Instance, it can be 
an advantage to siiane treat the inner surfaces (I) of the 
cores of the constructions, which are td be joined with 
the prepared surfaces (P). It also can be advantageous 
to etch the prepared surface (P), which consists of 
enamel (E) before the cementation of the veneer with 
resin cement The etchant can be phosphoric acid. 
Parts of the prepared surface consisting of dentine can 
be treated with some bonding resin before the cementa- 
tion. 

[0009] The ceramic powder can be made by several 
well known methods. Traditional powder metallurgical 
technique can be used, where the different components 
are mixed and ground under dry or wet conditions with 
water or an inorganto solvent (e.g. alcohol) as grinding 
liquid. To the ceramic slurry lubricants or other organic 
binders are added, when needed at suitable time In the 
process In accordance with known techniques. 
[0010] The ceramic base material In the core is suit- 
ably one or several biocompatible oxides, altematively 
with additives of carbkles and nitrides with or without 
binders. Examples of biocompatible oxides, whbh can 
fomi the base matrix for the ceramte body, are Ai203, 
Ti02, MgO, ZrOg and Zr02 with additives of smaller 
amounts of up to 10 mole% of Y2O3 or MgO (partly or 
totally stabilised Zr02). Included components can be 
present as particles with a size of <25 |i m, preferably 
<10 ^m, and/or as whiskers (hair shaped single crys- 
tals) with a length of >10 ^m, preferably >25 ^m, and a 
length to diameter ratio >5, preferably >10 and/or fibres 
(polycrystailine) with a diameter >10 )im and/or as sin- 
gle crystal platelets with an approximate diametier of 5- 
50 ^m and a thickness of 1-10 \m\. The amount of 
whiskers, fibres and/or platelets should not exceed 60 
volume%. In a preferred embodiment the ceramic mate- 
rial comprises >50% AI2O3 with additives of conven- 
tional sintering aids. In order to increase the strength 
<25 weight %, preferably 3-1 2 weight %, of Zr02, and/or 
5-40 welght%, preferably 10-30 welght%, of SIC-, TIN- 
or Zrt^-whiskers can be added. It is important that the 
ceramte material is sintered to closed porosity, which for 
an oxide material means at least 98% of theoretical 
density, but In order to ensure good mechanical strengtil 
the material shouki preferably have a density over 99%, 
while densities over 99.5% give the best strsngtii. 
[0011] in order to get a suitable colour of the core 
(B) coloured components can be chosen. Additives e.g. 
0.1-1 weight % of TIN and/or ZriM will give AI2O3 based 
cores a faint yellow shade. Fe203 gives a yellow brown 
shade and Mn02 gives a rose-coloured shade. Of 
course additives, which give unesttietic effects, should 
not be used. 

[0012] According to the present Invention artificial 
ceramic tootii crowns, inlays, veneers or bridges can 
now be made from a ceramte powder wttii additions of 
lubricants and/or otiier organic binders. When manufac- 
turing the core of an individual tooth crown, the ceramic 
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powder is compacted against the body K2 to a core, 
which after sintering to full density fits to the prepared 
tooth surface and with an as close to desired wall thicic- 
ness as possible. When manufacturing the enlarged 
model (K2) the sintering shrinl<age has to be considered 5 
by enlarging the surface (L2) so that the compacted 
body during the subsequent sintering process to full 
density, with great accuracy will have desired final, inner 
geometrical shape (I), which fits against the prepared 
surface (P). The desired shape of the gap between the 10 
tooth crown and the prepared tooth for cementing the 
crown to the prepared tooth must also be considered. 
The size of this gap can be calculated e.g; to be as 
small as possible at the preparation border preferably 
as close to zero as may be achieved during the manu- 75 
facturing process. 

[0013] The manufacturing of an individual core of a 
tooth crown can be made in the following way: A body 
K2 is manufactured from a blank by registering a pre- 
pared tooth surface with a three dimensional optical or 20 
mechanical reading method. The registered surface is 
transferred to a computer controlled milling machine, 
which gives the shape of K2 based on the data from the 
registration and data about the sintering shrinkage and 
desired shape of gap for cement A body K3 is manufac- 2S 
tured from the above registered surfiace, with the addi- 
tion of a shell of 1,5 - 3 mm according to Rg. 3e. The 
tool X is manufactured by placing K3 in a mould in whteh 
a viscous elastic material e.g. an Addition-siltoone, 
whteh Is allowed to harden. The tool X can also be made 30 
using the blank or a somewhat reduced Instead of 
K3. When using to manufacture X the amount of 
ceramic powder will increase and at the same time 
more compacted powder has to be milled. The advan- 
tage Is that this tool X can be used for different sizes of as 
preparations and the bevel is not needed. Ready to 
pr^s ceramic powder is placed in the cavity {M) of X 
and the body Kq, is placed in X. it can be an advantage 
to treat the surfece 1^ of K2 with a thin layer of an adhe- 
sive material to increase the adhesion of the ceramic 40 
powder to K2. K2 is fixed with help of the bevel Z^. J is 
placed on K2 and X with content in the tube F. E is put in 
place as well as the cylinder H whereupon the tube F 
with content Is placed on the cylindrical end plate G. 
The whole tool accottling to Fig. 3 Is placed In a uniaxial 45 
press e.g. a hydraulic press. During the compaction of 
the powder the cylinder H is pressed with the compac- 
tion force Pt( Into the tube F against the cylinder end 
plate G In contact with the elastic material J. During 
pressing, the powder is compacted against the body K2. so 
After the compaction, H, J and K2 are removed with 
compacted powder, whteh adheres to K2. If a dry bag 
isostatb press is used the tool X is not needed at ail. 
The ceramic powder is Just compacted against the body 
K2 treated with an adhesive material. 55 
[001 4] After the compaction of the ceramic powder 
against K2 this carrier is repositioned in the computer 
controlled milling machine. The groove Q1 and to this 



matching pin in the chucking fixture of the milling 
machine makes it possible to reposition in direction of 
rotation and the step between the diameters <K>1 and <J>2 
in axial direction. The outer surface of the coping is 
machined after repositioning in the milling machirie. The 
outer surface can be calculated by the computer, which 
controls the milling machine. The outer surface can also 
. be made from data of a scanned coping, which is mod- 
elled in e.g. wax and which before the scanning is fixed 
on the model of the prepared tooth. The machining can 
be controlled by the computer so that the coping gets 
the desired outer fonm and be adapted to the prepara- 
tion border. The shell thbkness of the core can be 0,3 - 
1 mm, however, In certain places shell thk^knesses >1 
mm can be needed for strengtherilng or other reasons. 
It is also possible from data of contact conditions with 
neighbouring teeth in the same or opposite jaw to 
machine a complete ready tooth or from scanned data 
from a crown, whteh is modelled In e.g. wax and which 
before the scanning Is fixed on the model of the pre- 
pared tooth. During all machining In the milling machine 
the sintering shrinkage is taken into account 
[0015] The compacted body is preslntered on the 
carrier K2 manufactured in the milling machine. For alu- 
mina the prasintering will be at SOO^'C - lOOO'G on the 
carrier. During the presintering the model material (plas- 
ter) will dehydrate, whteh results in a shrinkage of about 
1 5%. The ceramte material will shrink Just a few percent 
during presintering. The preslntered core will, thus, be 
too large on the plaster model and can be removed and 
be sintered to full density. Instead of plaster Investment 
materials can be used provided that they have enough 
strength and will not deform during the powder compac- 
tion. The canier K2 can also contain a material e.g. 
graphite or a polymer which will burn slowly during the 
presintering period. It Is important that the thennal 
expansion coefficient of the carrier material Is less than 
the themial expansion coefficient of the ceramic mate- 
rial, and the adheisive material must disappear during 
presintering without having any effects on tite sintered 
copings. 

[0016] in the same mif as a tooth crown above a . 
veneer can be manufactured. 
[001 7] A core (B) for an Inlay can be manufactured 
by registering wWi a three dbnensional optical or 
mechanteai method the tooth prepared for an inlay (Rg. 
1b) or an impression Koi(Rg. 5a) from the prepared cav- 
ity. Data from the registered prepared surfie^ guides a 
computer controlled milling machine for the manufac- 
ture of the body l^(Rg. 5b) from a blank (Rg. 3a) e.g. 
in plaster, graphite or a polymer. When the scanned 
impression from the Inlay Is enlarged taking into 
account both the shrinkage and the gap for cement, 
L4(Rg 5b) Is obtained. From this surface t4 is calcu- 
lated. L4 is the outer surface of the inlay, i.e. the surface 
at which porcelain can be fired in order to get the inlay 
ready. K5 is manufactured in e.g. plaster or some easily 
machined shape resistant material 
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[0018] In the same way; as during the manufactur- 
ing of a core for a tooth crown an Impression X for an 
inlay in some viscous elastic material (Fig. 4) can be 
manufactured. This Impression (X) is then placed In the 
press in the same way, as described in Fig. 4 after the 5 
powder has been placed in the cavity . (iVl) between the 
enlarged model (K4) and the impression X. During the 
pressing procedure the powder is compacted against 
the body K4. After the pressing procedure K4 is reposi- 
tioned In the computer controlled milling machine. The 10 
outer surface of the Inlay (L4) is machined after the 
repositioning in the milling machine. 
[0019] The compacted body is preslntered on the 
enlarged plaster model K4. The shape of I-4 gives the 
outer shape of the core of the inlay. Against this surface 15 
porcelain can be fired. In order to increase the aesthet- 
ics of the Inlay the thickness of the core can be thinnest 
at the preparation border in order to be able to hide the 
core after the porcelain firing, if desired. During the 
modelling of the porcelain powder against the core, this 20 
Is placed in the inlay preparation in the original model of 
the prepared tooth. The core is generally placed in a 
pinned and sawed model from the whole jaw. 
[0020] The Inlay is made In a conventional way with 
porcelain powders. During firing the inlay is removed 2S 
from the model and is fired in a porcelain furnace. Sev- 
eral firings with subsequent adjustments may be 
needed before the inlay is ready for final acQustment 
Against the core dental polymers can also be attached. • 
These polymers then will give the inlay its final shape. It 30 
Is an advantage if the outer surface of the core Is silan- 
Iced before the polymer is joined together with the core. 
Rnatly, it is possible to give L4 such a shape that the 
Inlay contains only densely sintered ceramic material. It 
Is then important that the outer surface, which has con- 35 
tact with other teeth, is polished so that the roughness 
of the surface will not give wear damage on teeth in tlie 
opposite jaw. 

[0021 ] A bridge can be manufactured by first regis- 
tering with a three dimensional optical or mechanical 40 
method the prepared surfaces of the supporting teeth 
and Intemnediate part from a model In plaster (Rg. 6) or 
directly In the mouth. Prepared teeth and Intenmediate 
part of the jaw are reproduced considering the sintering 
shrinkage in an enlarged size with e.g. a computer con- 45 
trolled milling machine (Rg. 7). At the sane time a gap 
for cement Is calculated In the same way as for single 
crowns. Before the enlarged model is scanned, a pon- 
tics can be built up e.g. in wax on the fixture between 
and C2. This substructure can also be calculated in the so 
computer. Such a substructure can be seen in Rg. 7. 
The material In the enlarged models can be e.g. plaster, 
graphite or a polymer. 

[0022] The compaction of the ceramic powder to a 
bridge Is made In a similar way as for copings of crowns ss 
and inlays. When manufacturing a bridge an Impression 
X is made, whtoh leaves space for the powder both for a 
beam connecting the two copings and the two copings. 



The principal appearance of the body K7, which is used 
for manufacturing of an impression X for manufacturing 
of a core of a bridge in densely sintered ceramic mate- 
rial, is shown in Rg. 8. The impression X Is made In the 
same way, as Is described for single cores for tooth 
crowns. In the empty space, which surrounds C^,. O2 
and the Intermediate gingiva, ceramic powder is placed, 
whereupon the tool X is placed in a pressing tool In the 
same way as for a single aown and a pressure P|( Is 
applied. The ceramic powder wilt be compacted against 
and C2 and against that part of the enlarged model, 
which is between and C2. After repositioning in the 
milling machine the outer surface of the compacted 
body is machined and the core is preslntered in the 
same way as single copings. Before presintering the 
support, i.e. the enlarged model described In Rg. 7, can 
be cut at the lines 1^ and I2 in order not to break the core 
during presintering if plaster Is used in the canler. This 
division can be made before or after the compacting of 
the powder. It is Important that the three parts are fixed 
during compacting of the powder in order to maintain 
their mutual positions. After presintering the core is 
acQusted, especially on the parts which could not be 
machined before presintering. This final acQustment can 
be made with a hand piece whereafter the core is sin- 
tered, 

[0023] A bridge can also be made, which Is based 
on supporting teeth, whtoh have a preparation on the 
buccal surface for a veneer or a preparation in the lin- 
gual side for a lingual plate. The manufacturing of such 
a bridge will be the same as has been described above 
for a bridge with supporting teeth prepared for crowns. 

Claims 

1 . Method of manufacturing an artificial tooth restora- 
tion comprising a ceramic, densely sintered high 
strength individual core (B) with dental porcelain (A) 
by powder metallurgical manufacturing methods 
characiterisGd In that the Inner suriace (I) of the 
core (B), which will fit against one or more prepared 
tooth surfaces (P) or artlfidal abutments are manu- 
factured by fonnlng a ceramic powder mixture 
against a surface of a body at whteh said surface is 
manufoctured by registering the surfoces of the pre- 
pared teeth or artlfk^Ial abutments and their mutual 
relationship with a three dimensional bptteal or 
mechanteal reading, method either directly in the 
mouth or on a model In e.g. plaster after which the 
registered surfaces are reproduced In an enlarged 
size e.g. with a computer controlled milling machine 
at which the enlargement Is calculated from the 
shrinkage of the ceramic material during sintering 
to full density with adjustment of (I) considering 
desired gap for cement 

2. {Method according to claim 1 

characterilsGCi in that the core Is manufactured by 
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dry pressing a ceramic powder with a rubber tool X 
made from some viscous elastic material, close to 
desired size against the enlarged preparations K2, 
K4 and Ke made by milling of premade plaster, 
graphite or polymer blanks. 

3. Method according to claim 2 

characterised in that the rubber tool X is made by 
taking an impression of the body K3, K5 or K7, man- 
ufactured from the enlarged preparations K2, K4 or 
Ke, with the addition of a shell of 1 ,5 - 3 mm. 

4. Method according to claims 2 and 3 
characterised in that after compacting of the 
ceramto powder against K2, K4 or Kg, iC2, or Ke 
are repositioned In the milling machine at whteh the 
outer contour of the core Is milled to desired shape, 
whereupon the core is presintered on K2, K4 or Ke. 

5. Method according to claims 2, 3 and 4 
characterteed in that the presintered core is 
removed from K2, K4 or Ke and Is sintered to full 
densRyi 

6. Method according to claims 1, 2, 3 and 4 
characterised In that the core material consists of 
high strength, densely sintered ceramic material 
with a relative density of >99%. 

7. Method according to claim 5 

characterised in that the ceramic -material in the 
core is based on one or more of the oxides AI2O3, 
Ti02i MgO, Zr02 or ZXO2 with up to 25 moie% Y2O3 
or MgO. 

8. Method according to claims 5 and 6 
characterised in that the core material also com- 
prises whiskers and^or particles of SIC, TIN, Zr02 
and/or ZrN. 

PatentansprOche 

1. Verfahren zur Herstellung eines kflnstibhen Zahn- 
ersatzes, der einen keramischen, dichtgeslnterten 
EInzelkem hoher Festlgkett (B) mit Dentalporzellan 
(A) umfa^, durch pulvermetallurgische Herstel- 
lungsmethoden, dssdurch gekennzelchnet, daB 
die Innere Oberflfiche (I) des Kernes (B)^ welche an 
elne oder mehrere prdparierte ZahnoberflSchen (B) 
Oder kQnstllche Widerlager paBt, hergesteitt wird, 
Indem ein Keramlkpulveigemisch an einer Oberflfi- 
che eines KOrpers gebildet winii, an welchem dlese 
Oberflfiche durch registerhaltiges Anordnen der 
Oberflfichen der prfiparlerten Zfihne oder der 
kOnstllchen Widerlager und Ihrer wechselseitige 
Lage mit einer dreldlmenslonalen optischen oder 
mechanlschen Lesemethode entweder direkt Im 
Mund Oder an einem Modell zum Belsplel aus GIps 
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hergestellt wird, wonach die reglsterhaltig angeord- 
neten Oberflfichen in einem vergrfiBerten MaBstab 
zum Belspiel mit einer computeigesteuerten Frfis- 
maschine reproduzlert werden, bei welcher die Ver- 
5 gr6Berung aus der Schrumpfung des keramischen 
Materials wfihrend des Sinterns zur vollstfindigen 
DIchte von (I) unter BerOcksichtigung eines 
erwQnschten Spaltes fQr Zement berechnet wird. 

10 2. Verfahren nach Anspruch 1, dadurch gekenn- 

zelchnet, daB der Kern durch trockenes Pressen 
eines keramischen Puh^era mit einem Kautschuk- 
werkzeug X, das aus einem vlskosen elastischen 
Material hergestellt ist, nahe der erwOnschten 
IS Gr6Be gegen die vergrdBerten Prfiparate K2, K4 
und Ke hergestellt wird, die durch Frfisen vorher 
gefertigter Gips-, Graphit- oder Polymerrohtinge 
hergestellt wurden. 

20 3. Verfahren nach Anspruch 2, dadurch gekenn- 
zelchnet, daB das Kautschukwerkzeug X herge- 
stellt 1st, Indem man elnen Abdruck des Kdrpers K3, 
K5 Oder K7, der aus den vergrdBerten Vorprfipara- 
ten K2, K4 Oder Ke gefertigt wurde, unter Zusatz 

25 einer Schale von 1 ,5 bis 3 nrvn abnimmt 

4. Verfahren nach den AnsprQchen 2 und 3, dadurch 
gekennzelchnet, daB nach dem Verdichten des 
Keramikpulvers an K2, K4 oder Ke K2, K4 oder Ke in 
30 der Frfismaschine wieder positioniert werden, bel 
webher der AuBenumriB des Kems zu der 
erwQnschten Fomn gefrdst wird, worauf der Kem 
auf K2, K4 Oder Ke vorgesintert wird. 

3S 5. Verfahren nach Anspruch 2, 3 und 4, dadurch 
geker^nzelchnet, daB der vorgesinterte Kem von 
K2, K4 Oder Ke entfemt und zu vollstfindlger DIchte 
gesintertwird. 

40 6. Verfahren nach Anspruch 1, 2, 3 und 4, dadui^ch 
gekennzelchnet, daB das Kemmaterial aus dlcht- 
geslntertem Keramikmaterlal hoher Festigkelt mit 
einer relativen Dichte von >99 % besteht 

45 7. Verfahren nach Anspruch 5, dadurch gekenn- 
zelchnet, daB das Keramikmaterlal In dem Kem 
auf einem Oder mehreren der Oxide AI2O3, TI62, 
MgO, Zr02 oder Zr02 mit bis zu 25 mol% Y2O3 
Oder MgO beruht. 

50 

8. Verfahren nach den AnsprQchen 5 und 6, dadurch 
gekennzelchnet, daB das Kernmateriat auch 
Whisker und/oder Tellchen von SIC, TIN, Zr02 
und/oderZrN umfaBt 

55 

Revendlcatlons 

1. Procfidfi de fabrteatlon dune reconstltution de 
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2. 



dents artjficlelles comprenant un noyau indfviduel 
(B) de resistance m6canlque 6lev6e, frltt§ k density 
maximale, avec de la porcelains dentaire (A) gr&ce 
h des proc^d^s de fabrication par mStallurgie des 
poudres 5 
caract^risS en ce que la surface int^rieure (i) du 
noyau (B), qui s'adaptera cbntre une ou plusieurs 
surfaces de dents pr^par^es (?) ou un ou plusieurs 
plllers artiflclels est fabriqu^ en formant un melange 
de poudres de c^ramique centre une surface d'un io 
corps sur lequel ladlte surface est fabrlqu^e en 
rep^rant les surfaces des dents ou des plllers artifi- 
ciels prepares ainsi que leur relation mutuelle au 
moyen d'un proc6d6 tridimenslonnel de lecture 
optlque ou m^canique soit directement dans la is 
bouche, soit sur un moddle par exemple de pl&tre 
apr^s quoi, les surfaces rep^r^es sont reproduites 
k une taille agrandle par exemple avec une 
rnaciiine de fraisage comnnand^e par ordinateur 
dans laquelle Tagrandissement est calcul6 h partir 20 
du retrait du mat^riau c^ramlque durant le frittage 
Jusqu% une density maximale avec un ajustement 
de (I), en prenant en compte Hnterstice dteir^ pour 
du ciment. 

25 

Proc6d6 salon la revendication 1 , 
caract^ris^ en ce que le noyau est fabriqu^ par 
pressage k sec d'une poudre de c^ramlque avec un 
outil caoutchouteux X fait ^ partir d*un quelconque 
mat^riau ^lastique visqueux, de fa9on proche de la 30 
taille d§sir6e centre les preparations agrandies K2, 
K4 et Kq realistes par le fraisage d'^bauclies de 
piatre, de graphite oii de polym^re prefabriqu^es. 

Precede selon la revendication 2, 35 
caracterise en ce que Poutil caoutchouteux X est 
realise en prenant une empreinte du corps. Ks; K5 
ou K7, fabrique k partir des preparations agrandies 
K2, 1^ ou Ke, avec I'ajout d'une ehveloppe de 1 ,5 6 
3 mm. 40 



tant une densite relative de > 99 %. 

Procede selon la revendication 5, 
caracterise en ce que le materiau ceramlque dans 
le noyau est k base d'un ou plusieurs des oxydes 
AI2O3, TiOg, MgO, ZrOg ou ZrOz avec jusqu'^ 25 % 
en moles de Y2O3 ou MgO. 

Procede selon les revendicatlons 5 et 6, 
caracterise en ce que le materiau du noyau com- 
prend egalement des barbes et/ou des particules 
de SiC, Tin, Zr02 et/ou ZrN. 



4. Procede selon les revendicatlons 2 et 3, 
caracterise en ce que, apr6s compactage de la 
poudre de ceramique centre K2, K4 ou K2, K4 ou 

Kg sont reposltionnes dans la machine de fraisage 45 
dans laquelle le contour exterieur du noyau est 
fralse^ la fomne desiree, k la suite de quoi le noyau 
est prefritte sur Kg, K4 ou Ke* 

5. Procede selon les revendicatlons 2, 3 et 4, 50 
caracterise en ce que le noyau prefritte est enleve 

de K2, K4 ou Ke et est fritte Jusqu'a une densite 

maximale. 



6. Precede selon les revendicatlons 1 , 2, 3 et 4, 
caracterise en ce que le niateriau du noyau est 
constitue de materiau ceramlque fritte k densite 
maximale, k resistance mecanlque eievee, presen- 



55 



EP0774 933B1 




Fig. 1c 



Fig.l 




Fig. 2 
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